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Abstract Fifty-eight F2 individuals derived from an
interspecific cross between cultivated eggplant, Sola-
num melongena, and its wild relative, S. linnaeanum,
were phenotyped for 42 plant, leaf, flower, and fruit
traits. Composite interval mapping analysis using
genotypic data from 736 molecular markers revealed
the positions of 71 statistically significant (P B 0.05)
quantitative trait loci (QTL) influencing 32 of the
morphological traits. Although most QTL were
location-specific, QTL governing three traits (leaf
lobing, leaf prickles and prickle anthocyanin) were
detected in both experimental locations. Analysis of
three additional traits (stem prickles, fruit calyx
prickles and fruit length) in both locations yielded
QTL in similar but non-overlapping map positions.
The majority (69 %) of the QTL corresponded
closely with those detected in previous analyses of
this data set. However the increased resolution of the
linkage map combined with advances in QTL
mapping permitted more precise localization, such
that the average interval length of these QTL was
reduced by 93 %. Thirty-one percent of the QTL
were novel, suggesting that simple linear regression
with a low density linkage map (the method used in
previous studies of this population) missed a
substantial portion of significant QTL. Hotspots of
QTL affecting plant hairiness, prickliness, and pig-
mentation were identified on chromosomes 3, 6, and
10, respectively, and may reflect the pleiotropic
activity of single structural or regulatory genes at
these positions. Based on synteny between the
eggplant, tomato, potato and pepper genomes, puta-
tive orthologs were identified for 35 % of the QTL
suggesting strong conservation of gene function
within the Solanaceae. These results should make it
The localization of QTL for 32 morphological traits on the
high-resolution map of the eggplant genome has allowed
hotspots and putative orthologs with other solanaceous species
to be identified.
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easier to target particular loci for map-based cloning
and marker-assisted selection studies.
Keywords Solanum melongena  Quantitative
trait loci  Gene conservation  Solanaceae
Introduction
The Solanaceae family of plants has long been of
interest to plant geneticists both for its agricultural
importance and its tractability as a model system.
Members of the family are grown as vegetable crops
(tomato, potato, pepper, eggplant, tomatillo, and
pepino) and for ornamental purposes (Petunia, Cali-
brachoa, Datura, Brugmansia, Schizanthus, etc.). The
cash crop tobacco also belongs to the family. Thus it is
not surprising that some of the earliest work in gene
and genome mapping as well as comparative genom-
ics was done in the Solanaceae family. The construc-
tion of the first high-density molecular linkage map in
tomato (Solanum lycopersicum) (Tanksley et al. 1992)
was essential in establishing that species as a forerun-
ner in the realm of quantitative trait locus (QTL)
mapping and cloning (Alpert et al. 1995; Frary et al.
2000). The close relationship of tomato to potato (S.
tuberosum), eggplant (S. melongena), and pepper
(Capsicum spp.) has facilitated genome and trait
mapping efforts in those species (Tanksley et al. 1992;
Doganlar et al. 2002a; Livingstone et al. 1999).
Eggplant has lagged behind in the area of quantitative
trait analysis in part because, in economic terms, it is a
less important crop. Eggplant placed 25th in the FAO’s
top commodities ranking for 2010, well behind tomato
(8th) and potato (13th) (FAO 2013). As a result, the first
QTL mapping in eggplant was performed only 15 years
ago and was limited to traits of breeder interest. The first
such work involved the localization of a QTL for fruit
shape on a random amplified polymorphism (RAPD)
map for an intraspecific S. melongena F2 population
(derived from a cross between eggplant lines ‘EPL1’ and
‘WCGR112-8’) (Nunome et al. 1998). The addition of
nearly 100 AFLP markers to the map allowed the
detection of QTL for several other traits (fruit, stem, and
calyx color) (Nunome et al. 2001). More recently, Barchi
et al. (2012) developed a linkage map for their intraspe-
cific F2 population derived from a cross between two
breeding lines, ‘305E40’ and ‘67/3’. The map included
over 400 restriction fragment length polymorphism
(RFLP) and single nucleotide polymorphism (SNP)
markers and enabled the localization of QTL influencing
seven pigmentation traits on eight of eggplant’s twelve
chromosomes. Thus a survey of the eggplant literature
reveals that few quantitative traits have been analyzed in
intraspecific populations. This fact highlights a serious
hindrance to using such populations for QTL analysis:
they display limited phenotypic variability. Although
maps developed from intraspecific populations may be
easier to exploit for the purposes of marker-assisted
selection and breeding, the higher degree of morpholog-
ical diversity in interspecific populations allows exam-
ination of a greater range of plant traits.
A S. linnaeanum MM195 9 S. melongena MM738
F2 population was used by Doganlar et al. (2002a) to
produce a molecular linkage map consisting of 233
RFLP markers at an average interval of 4.8 cM.
Because S. linnaeanum is a prickly wild relative of
eggplant that produces small, round, green, striped
fruit while MM738 is a non-spiny commercial cultivar
that produces large, oblong, purple fruit without
striping, the F2 population derived from these parents
was highly polymorphic. Twenty-two domestication
traits (fruit size, shape and color and plant prickliness)
(Doganlar et al. 2002b) and 18 morphological traits
(leaf, flower and fruit size, shape, appearance, and
development) (Frary et al. 2003a) were evaluated in
the population and subjected to single-point linear
regression analysis. A total of 125 significant QTL
were positioned on the interspecific map. Because of
the relatively low resolution of the linkage map, the
average length of the QTL detected in these compan-
ion studies was 35.8 cM, a fairly broad interval
(considering the average linkage group length of
128 cM). In the current study, we have re-analyzed the
domestication and morphological trait data for the S.
linnaeanum 9 S. melongena F2 population. Several
advances in QTL mapping and eggplant genomics
merited this strategy. Composite interval mapping
(CIM) with marker cofactors is now the standard for
QTL detection. By controlling for the effects of other
markers on the trait, CIM is a more powerful method
of QTL detection and provides greater accuracy in
QTL localization (Zheng 1994). The development of a
high-resolution map of the eggplant genome compris-
ing over 850 AFLP, RFLP, and COSII (conserved
ortholog set) markers at an average spacing of 1.8 cM
(Doganlar et al. in press) further enhances our ability
to refine the positions of the QTL controlling the
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domestication and morphological traits. More precise
locations of these loci are essential for marker-assisted
selection and/or map-based cloning. In addition, they
allow more detailed comparisons with QTL mapping
studies in other solanaceous species. Such compari-
sons can help identify putative orthologs within the
family, thereby shedding light on the evolutionary
conservation and divergence of genomes.
Materials and methods
Plant population
The mapping population of 58 F2 individuals was
generated from a cross between S. linnaeanum
MM195 and S. melongena MM738 made by M.-C.
Daunay at Institut National de la Recherche Agron-
omique, France. The female parent, S. linnaeanum
Hepper & Jaeger ‘MM195’, is a spiny wild relative
that produces small, round, reticulate green fruit. The
male parent, S. melongena L. ‘MM738’, is a non-spiny
European commercial type that bears large, oblong,
purple fruit. The F2 plants were grown in the
greenhouse in Ithaca, NY. Rooted vegetative cuttings
were sent to Montfavet, France (FR), for field
evaluations. Two plants of each genotype were planted
at a single stake with 1 meter row spacing between
genotypes. Replicates of the parental controls were
also grown at both locations.
Phenotype evaluations
Greenhouse-grown F2 plants and controls were eval-
uated in Ithaca, New York (NY), during spring 1999.
Field-grown plants were scored in Montfavet, FR,
during July–October, 2000. A total of 42 plant, leaf,
flower, and fruit traits were evaluated as described
below (summarized in Online Resource 1).
Plant height (ht) in centimeters was determined in
FR at the beginning of August. The number of days to
first flowering (dtf) was counted in NY from the date
of greenhouse transplanting until the opening of the
first flower. The number of flowers per inflorescence
(fln) was determined in FR at various times during the
growing season and at several locations on the plant.
The mean for each genotype was then used in the
analysis. The mean number of fruit per infructescence
(ftn) was determined in a similar way. Fruit set (fset)
was an overall measure of fertility evaluated on a 0 (no
fruit) to 5 (many fruit) scale.
Hairiness of vegetative plant parts was determined
on a scale of 0 (no hairs) to 5 (very many hairs) in FR.
The hairiness of plant apices (ah), leaves (lh), and
stems (sh) was assessed by eye. The presence/absence
of ovary hairs (ovh) was determined by microscopic
examination of approximately three ovaries per geno-
type in the NY material. Fruit glossiness (fglo) was
measured in FR on a scale of 1 (dull epidermis) to 3
(glossy epidermis).
Prickliness of leaves (lp), stems (sp) and fruit
calyxes (ftcp) were assessed on a 1–5 scale in NY (1,
no prickles; 5, many prickles) and a 0–5 scale (0, no
prickles; 5, many prickles) in FR. Flower calyx (flcp)
and petiole (pp) prickliness were evaluated only in FR
using the aforementioned scale.
Anthocyanin content of leaf laminae (lla), stems
(sa), and prickles (pa) was scored on a 1 (green) to 3
(dark purple) scale in NY and a 0 (green) to 5 (dark
purple) scale in FR. Leaf rib (lra) and flower corolla
(ca) anthocyanin was assessed only in FR. Three
separate fruit color traits were evaluated in both
locations. Fruit anthocyanin presence (fap) recorded
whether the fruits were green or purple. Fruit antho-
cyanin intensity (fai) scored the degree of pigmenta-
tion in the purple fruits only on a scale of 1 (light
purple) to 3 (dark purple). Fruit stripe (fst) measured
the secondary color repartition in the fruit as presence/
absence in NY and a 1–3 scale in FR (1, no stripes; 2,
irregular striping; 3, uniform reticulate striping). Two
additional fruit color traits were scored in FR. Fruit
chlorophyll netting (fcn) assessed the pattern of
chlorophyll distribution in the fruit on a 1–3 scale in
FR (1, no reticulation; 2, irregular reticulation; 3,
uniform reticulation). Anthocyanin under the calyx
(auc) was scored as a presence (1), absence (0) trait
and served as an indirect measure of the sensitivity of
fruit anthocyanin synthesis to light.
Size and shape parameters were evaluated for
leaves, flowers, and fruit. Leaf width (lw) and length
(ll) of 12 leaves per genotype were measured (in cm) in
the early autumn in FR. The ratio between leaf length
and width (ll/lw) was designated as leaf shape (lsh).
Two traits described the appearance of leaves. Leaf
lobing (llob) was scored on a scale of 1 (very weak
lobing) to 5 (very strong lobing) in both FR and NY.
Leaf surface appearance (lsur) was evaluated on a
similar scale (1 = smooth leaf, 5 = strongly wrinkled
Euphytica (2014) 197:211–228 213
123
leaf) in FR. For the flower traits, approximately 12
inflorescences per genotype were harvested between
July and October in FR; only the main flower of each
inflorescence was measured. Flower diameter (fld)
was measured in mm, and flower shape (fls) was
assessed on a 1 (orbicular) to 5 (star-shaped) scale.
Ovary length (ovl), diameter (ovd), shape (ovs) and
area (oa) were evaluated in NY by measuring (in mm)
transverse sections of ovaries harvested at anthesis.
Ovary locule number (oln) was determined using
transverse sections. In general, three ovaries were
measured from each genotype for these trait analyses.
Five representative fruits in NY and FR were
harvested just prior to physiological ripeness for the
analysis of fruit traits. Fruit weight (fw) was measured
in grams. Fruit length (fl) and diameter (fd) were
measured in cm. Fruit shape (fs) was the ratio of length
to diameter (fl/fd) such that round fruit had a shape
index of 1, oblate fruit had an index \ 1, and oblong
fruit had an index [ 1. Fruit calyx size (cs) in FR was
scaled according to the proportion of the fruit covered
by the calyx (1 = very short calyx,\10 % of the fruit
length covered; 5 = very long calyx, [75 % of fruit
length covered).
QGene (Nelson 1997) was used to calculate corre-
lation coefficients between traits.
Genotype evaluations
Molecular marker analysis and construction of the
high-density eggplant map are described in Doganlar
et al. (in press). A total of 736 AFLP, RFLP and COSII
(conserved ortholog set) markers were used for QTL
analysis. QGene version 4.0 (Joehanes and Nelson
2008) was used to map QTL. CIM (a method that
combines interval mapping with multiple regression
analysis) with automatic forward cofactor selection
and a scan interval of 0.1 cM was used for QTL
detection. A genome-wide critical threshold value for
an experiment-wise type I error rate, a = 0.05 and
a = 0.01, was set by 1,000 random permutations of
the trait data (Churchill and Doerge 1994). The
percentages of phenotypic variance explained (PVE)
were obtained from the generalized R2 values (Nage-
lkerke 1991) calculated by QGene. Trait means, and
gene actions (d/a) were determined for each signifi-
cant QTL using the CIM results. QTL detected in the
present study were compared to those identified in the
previous two studies conducted in this population
(Doganlar et al. 2002b; Frary et al. 2003a). Because
these QTL were localized on a lower resolution
version of the interspecific eggplant map (Doganlar
et al. 2002a), the map positions and relative lengths of
these previously identified QTL on the current
molecular map (Doganlar et al. in press) were
determined using shared RFLP markers as anchors.
Quantitative trait loci with 95 % confidence inter-
vals were drawn on the molecular linkage map of
eggplant using MapChart 2.2 (Voorrips 2002). To
identify QTL hotspots (clusters), a 20 cM sliding
window was advanced in 5 cM increments across the
linkage map. The number of QTL co-localizing within
the window at each position in the genome was
recorded with regions containing more than three QTL
qualifying as hotspots.
Results
Phenotypic variation
A total of 42 plant, leaf, flower, and fruit traits were
analyzed. The trait means are summarized in Online
Resource 2. Fourteen of the traits were evaluated in
both locations, 21 in FR only, and seven in NY only
(Online Resource 1). The phenotypic distributions of
the fourteen traits were compared across the two
locations (data not shown). The majority of the traits
showed a similar pattern, however some of the
anthocyanin traits (sa, lla, fai, fst) tended to skew
toward higher values in FR. This is not surprising as
anthocyanin synthesis is closely tied to environmental
conditions such as light intensity and temperature both
of which are expected to be quite different for field-
grown plants in FR as compared to greenhouse-grown
plants in NY.
Correlations between traits
Significant (P B 0.05) positive correlations existed
between all of the traits measured in both FR and
NY. These traits included fruit size and shape
parameters (fruit weight, fruit shape, fruit diameter,
fruit length), plant pigmentation (stem, prickle, leaf
lamina anthocyanin, fruit anthocyanin presence and
intensity, and fruit stripe) and prickle (stem, leaf,
fruit calyx) traits as well as leaf lobing. Correlation
coefficients ranged from 0.43 for fruit anthocyanin
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intensity (fai) to 0.96 for fruit shape (fs), with an
average value of 0.79.
A number of significant correlations were observed
between traits measured at a single location. Those
relationships are described in the following paragraphs
and are summarized in Online Resource 2.
All of the prickle traits (sp, lp, pp, flcp, ftcp)
were strongly associated with each other (r =
0.70–0.92). Relationships between these prickle
traits and several other morphological measures
were also detected. Plant organ prickliness was
positively correlated with leaf lobing (llob)
(r = 0.59–0.83) as well as the anthocyanin content
of stems (sa) (r = 0.29–0.38) and leaf laminae (lla)
(r = 0.35–0.42). Significant associations were seen
between most of the prickliness traits and the
hairiness of stems (sh) (r = 0.28–0.29) and between
leaf prickles and ovary hairs (ovh) (r = 0.39) as
well as the size of calyxes (cs) (r = 0.32–0.56). In
addition, associations were found between both
flower (flcp) and fruit (ftcp) calyx prickliness and
corolla pigmentation (ca) (r = 0.47–0.54). A strong
negative relationship existed between prickliness
and fruit glossiness (fglo) (-0.49 B r B -0.64).
Stem prickles (sp) were also negatively correlated
with aspects of fruit size, namely fruit diameter (fd)
and length (fl) (r = -0.36 to 0.38).
While the traits assessing the hairiness of vegetative
organs (ah, lh, sh) were strongly correlated with each
other (r = 0.71–0.85), no association with ovary
hairiness (ovh) was found. Similarly, while ah, lh,
and sh were negatively correlated with fruit glossiness
(-0.39 B r B -0.50), ovh was unrelated to fglo.
Negative relationships between fglo and two shape
parameters, llob (r = -0.41) and fruit shape (fs)
(r = -0.28), were observed. While fruit diameter
(fd), a key determinant of fruit shape (defined as fruit
length/fruit diameter) was associated with fglo
(r = 0.36), fruit length (fl) was not.
Fruit length (fl) and diameter (fd) were strongly
correlated (r = 0.84–0.87), however only fl was signif-
icantly associated with fruit shape (r = 0.44–0.48). Not
surprisingly, a similar relationship was seen in ovaries;
ovary length (ovl) and diameter (ovd) were highly
correlated with each other (r = 0.85) and ovs was
significantly related to ovl only (r = 0.34). Interest-
ingly, a positive association between calyx size and fs
was seen (r = 0.40) such that more oblong fruit tended
to have larger calyxes.
Most parameters of leaf size were unrelated. And,
while a strong negative association between lw and
leaf shape (lsh, defined as ll/lw) existed (r = -0.70),
ll and lsh were not significantly correlated.
All of the traits assessing pigmentation levels in
vegetative tissues [stems (sa), leaf ribs (lra), leaf
laminae (lla), and prickles (pa)] and flower corollas
(ca) were positively correlated (r = 0.36–0.94). Fruit
anthocyanin presence (fap) was correlated with the
other pigment traits however fruit anthocyanin inten-
sity (fai) was less reliably associated with the other
color traits, showing no significant connection with sa,
pa or ca. Most of the anthocyanin traits were positively
correlated with plant height (ht) (r = 0.31–0.38)
however, fruit stripe (fst) was negatively correlated
with ht (r = -0.32). Negative associations also
existed between fst and other aspects of plant growth,
namely flower number (fln) (r = -0.31) and fruit set
(fset) (r = -0.38).
Fruit set (fset) was significantly correlated with
fruit and flower traits, including fln (r = 0.28), ftn
(r = 0.61) fl (r = 0.29) and fw (r = 0.29). The
correlation coefficient between flower and fruit num-
ber was 0.46.
QTL analysis
A genetic map consisting of 736 AFLP, RFLP, and
COSII markers was used for CIM of QTL. Logarithm
of odds (LOD) thresholds for QTL declaration were
calculated by 1,000 permutations of the data for each
trait. The mean experimental LOD thresholds were
4.92 and 5.91 at the 5 and 1 % significance levels,
respectively. Seventy-one statistically significant
(P B 0.05) QTL impacting 32 traits mapped to 11 of
eggplant’s 12 linkage groups (Table 1; Online
Resource 3). Seventy-five percent of these QTL met
or exceeded the LOD threshold at the 1 % level of
significance. The average number of QTL identified
per trait was 2.2. Fruit length (fl) and apex hairs (ah)
yielded the greatest number of QTL: five each. The
average number of QTL on each linkage group was
5.9, with linkage group 6 having the most (13 QTL)
and linkage group 8 having the fewest (0 QTL). The
size of the QTL ranged from 0 to 19.3 cM, with a mean
QTL length of 3.4 cM. The percentage of phenotypic
variation explained (PVE) by the QTL varied from a
low of 33 % to a high of 100 %; the mean phenotypic
trait variance was 55 %.
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For the traits assessed in both locations, three QTL
in corresponding positions were detected in NY and
FR: llob6.2, lp6.2, and pa10.1. Analysis of three other
traits in both locations yielded QTL in similar but non-
overlapping map positions: fl2.1/fl2.2, sp6.1/sp6.2,
ftcp6.1/ftcp6.2. However, of the 23 QTL associated
with traits measured in both NY and FR, the majority
were specific to a single location.
Twenty-two of the QTL (31 %) identified in this
study were novel, not reported in previous QTL
analyses of this interspecific population. The map
locations of the 49 remaining QTL corresponded fairly
closely to those of QTL detected by Doganlar et al.
(2002b) and Frary et al. (2003a) using simple linear
regression analysis. The peak position of each of these
QTL shifted an average of ±6.8 cM as compared to
the map position of its previously identified counter-
part. Average interval size changed dramatically with
the new analysis: these common QTL averaged 2.8 cM
in length as compared to 39.2 cM in the previous
study.
Leaf size and shape traits
A single significant QTL explaining 34 % of the
phenotypic variation in leaf length was identified on
chromosome 11 (ll11.1). Interestingly, S. linnaeanum
alleles at this locus contributed toward increasing leaf
length, an effect opposite to that expected.
Leaf width was influenced by QTL on chromo-
somes 1 and 4. lw1.1 and lw4.1 accounted for 43 and
38 % of the phenotypic variation in leaf width,
respectively. S. melongena alleles at both loci
increased leaf width as expected. The QTL lw4.1
was previously undetected in this population.
Quantitative trait loci on chromosomes 1 and 5
affected leaf shape, the ratio between leaf length and
width. Individually, lsh1.1 and lsh5.1 explained 58 and
55 %, respectively, of the variation in leaf shape.
Alleles at lsh1.1 had effects opposite to those
predicted based on the parental phenotypes.
Four QTL on chromosomes 5, 6 and 7 impacted the
degree of leaf lobing. Of the two loci identified on
chromosome six, llob6.1 was identified in NY and
llob6.2 was identified in both growing environments
(NY and FR). Interestingly, S. melongena alleles at
llob6.1 had the unexpected effect of increasing lobing.
The largest phenotypic effects on the trait were seen at
llob6.2 (92 % PVE). llob5.1 and llob7.1 were
previously undetected in the NY material. The more
significant of these loci (llob5.1, 64 % PVE) behaved
in an additive manner.
No significant QTL were detected for leaf surface
appearance (lsur).
Flower size and shape traits
Ovary length was affected by two QTL, ovl1.1 and
ovl9.1, which accounted for 57 and 50 %, respectively, of
the phenotypic variation in the trait. S. linnaeanum alleles
at both loci had the unexpected effect of increasing ovary
length with ovl1.1 alleles behaving in an additive manner.
ovl9.1 was previously undetected in this population.
One QTL (ovd9.1) was associated with 67 % of the
variation in ovary diameter. As expected, S. linnaeanum
alleles at this locus contributed toward wider ovaries.
Ovary area, as calculated from transverse sections,
was controlled by two QTL, oa6.1 and oa11.1 which
explained 60–67 % of the phenotypic variation in the
trait. Parental alleles at both loci behaved in a
predictable fashion with S. melongena alleles tending
to augment ovary size.
Solanum melongena alleles at a single QTL
increased ovary locule number. This QTL, oln5.1,
accounted for 58 % of the variation in the trait.
No significant QTL were detected for flower
diameter (fld), flower shape (fls) or ovary shape (ovs).
Fruit size and shape traits
Five QTL impacting fruit length were identified, two
in FR (fl1.1 and fl2.2) and three in NY (fl2.1, fl7.1, and
fl9.1). fl1.1 and fl7.1 were previously undetected in this
population. Each locus accounted for between 36 and
48 % of the variability in the length of the measured
fruit. The two QTL on chromosome 2, fl2.1 and fl2.2,
lay within 4 cM of one another. Because the cultivated
parent produces oblong fruit, it was not surprising that
S. melongena alleles at all five loci were associated
with longer fruit.
Fruit shape in the NY-grown plants was influenced
by a QTL located on chromosome 7 (fs7.1) which
explained 34 % of the variability in the trait. Parental
alleles at this locus behaved in a predictable manner.
No fruit shape QTL was detected in FR.
A total of four individual fruit weight QTL were
identified, two (fw1.1 and fw2.1) in FR and two (fw9.1
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and fw9.2) in NY. With the exception of fw2.1 (38 %
PVE), each locus accounted for 50–55 % of the
variability in fruit weight. As predicted, alleles from
the cultivated parent increased fruit weight.
No significant QTL were identified for fruit diam-
eter (fd) and calyx size (cs).
Fruit appearance traits
Fruit stripe in FR was controlled by QTL on chromo-
somes 4 and 10. S. linnaeanum alleles at fst4.1
increased the degree of striping in fruit whereas S.
melongena alleles had the effect of increasing fruit
stripe at fst10.1. fst4.1 had a larger impact on
phenotype, affecting 69 % of the trait while fst10.1
explained 44 % of the variation in striping. No
significant QTL influencing fruit stripe were detected
in the NY-grown population. Fruit chlorophyll netting
(fcn) was also affected by two QTL. fcn4.1 overlapped
with fst4.1 and accounted for 78 % of the phenotypic
variation in the trait. The locus on chromosome 3,
fcn3.1, explained 40 % of the variability in the trait. S.
linneanum alleles increased fruit chlorophyll reticula-
tion at both loci.
Quantitative trait loci associated with fruit glossi-
ness were detected on three chromosomes. Each of the
QTL on chromosomes 1 and 6, fglo1.1 and fglo6.1
explained around 50 % of the total variation in the
trait. Alleles at fglo9.1 behaved in an additive manner
and accounted for 39 % of the variability in fruit
glossiness. At all three loci, S. melongena alleles
enhanced fruit glossiness.
Plant traits
Two QTL influenced the number of flowers per
inflorescence, fln3.1 and fln4.1. fln4.1 accounted for a
greater amount of the phenotypic variation in the trait
(54 %) than fln3.1 (33 %). S. melongena alleles at both
loci increased flower number, an unexpected effect
given the parental phenotypes.
Fruit number per infructescence was determined by
QTL on chromosomes 3 and 9. These loci, ftn3.1 and
ftn9.1 explained 33–36 % of the phenotypic variation
in fruit number. Alleles from the cultivated parent
increased fruit number at both loci.
Five QTL affecting apex hairs were detected. These
included three loci on chromosome 3, and one each on
chromosomes 2 and 7. The most significant of the loci,
ah3.1 explained 70 % of phenotypic variation. The
remaining loci (ah2.1, ah3.2, ah3.3, and ah7.1) were
not previously identified in this population and
accounted for 42–55 % of the phenotypic variation in
degree of hairiness at the apex. S. melongena alleles at
ah2.1, ah3.3 and ah7.1 led to hairier apices whereas S.
linnaeanum alleles had that effect at ah3.1 and ah3.2.
Stem hairiness was controlled by loci on chromo-
somes 3 and 10. Each locus explained around 40 % of
the phenotypic variation in stem hairiness, however, S.
linnaeanum alleles increased the trait at sh3.1 but had
the opposite effect at sh10.1.
Three QTL were associated with leaf hairiness,
lh3.1, lh9.1, and lh10.1. The most significant of these
loci was lh3.1 (54 % PVE); the magnitude of effect at
lh9.1 and lh10.1 was around 38 %. Interestingly, S.
melongena alleles at the other two loci contributed
toward hairier leaves. lh9.1 was previously undetected
in this population.
A single QTL for ovary hairiness was identified on
chromosome 10. ovh10.1 explained 65 % of the
phenotypic variation in ovary hairiness. While S.
linnaeanum ovaries are typically hairier than those of
cultivated eggplant, wild species alleles at ovh10.1
decreased ovary hairiness.
The degree of prickliness of the stem was controlled
by four QTL on three chromosomes. Three of these,
sp1.1, sp3.1, sp6.1, were identified in the NY-grown
plants. While the fourth QTL, sp6.2, was specific to
FR, its peak LOD position was within 4 cM of sp6.1.
These two chromosome 6 loci all had a similar
magnitude of effect (65–73 % PVE). sp1.1 and sp3.1
were previously undetected in this population. Both
explained around 46 % of the phenotypic variation,
however, S. melongena alleles at sp1.1 increased stem
prickliness.
Four QTL influenced leaf prickliness. The most
major of these, lp6.2 (*86 % PVE), was detected in
both NY and FR. An additional locus was associated
with leaf prickliness in FR: lp2.1 (41 % PVE) was not
previously detected in this population. Two other
novel loci, lp3.1 and lp6.1, were identified in the NY
material and accounted for 59 and 34 %, respectively,
of the phenotypic variability in leaf prickliness. S.
linnaeanum alleles at all loci but one (lp6.1) acted to
increase prickliness.
Petiole prickliness in FR was determined by QTL
on chromosomes 2 and 6. The locus on chromosome 6,
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pp6.1 explained 79 % of the variability in petiole
prickliness. While pp2.1 had a smaller effect on
phenotype (37 % PVE), it represented a novel QTL for
this trait. Petiole prickliness at both loci was enhanced
by wild parent alleles. No QTL were significantly
associated with petiole prickliness in NY.
A single flower calyx prickliness QTL, flcp6.1, was
identified in the FR-grown population only. Seventy-
two percent of the phenotypic variation in flower calyx
prickliness was ascribed to this locus. Prickliness of
the fruit calyx was also controlled by chromosome 6
loci. While ftcp6.1 was specific to FR and ftcp6.2 to
NY, the peak LOD positions of these two loci were
within 4 cM of each other and they had a similar
magnitude of effect (66 and 69 % PVE, respectively).
S. linnaeanum alleles were responsible for increasing
calyx prickliness at all of these loci.
No significant QTL were detected for plant height
(ht), days to flowering (dtf), or fruit set (fset).
Anthocyanin traits
Three QTL on chromosomes 6 and 10 influenced stem
anthocyanin levels. The effects of these loci on the
phenotypic variation in stem pigmentation were
similar, ranging from 33 to 41 % PVE. However,
sa6.1 and sa10.2 were specific to NY and sa10.1 was
detected in FR only. S. linnaeanum alleles unexpect-
edly increased stem anthocyanin levels at sa6.1.
Prickle anthocyanin levels were determined by a
single chromosome 10 QTL in both NY and FR
however the phenotypic effects of pa10.1 were greater
in FR (89 % PVE) than NY (69 % PVE). Cultivated
parent alleles at this locus enhanced prickle
pigmentation.
Leaf rib and leaf lamina anthocyanin levels in FR
were associated with the same region of chromosome
10. The QTL impacting leaf rib pigmentation (lra10.1)
explained 80 % of the phenotypic variation whereas
that for leaf lamina pigmentation (lla10.1) explained
only 40 % of the variability in that trait. As expected,
S. melongena alleles increased anthocyanin levels in
leaf ribs and laminae.
A QTL on chromosome 5, ca5.1, influenced
anthocyanin levels in the corolla and explained 36 %
of the variability in petal pigmentation. S. melongena
alleles at the locus increased corolla anthocyanin
levels.
Two QTL on chromosomes 11 and 12 controlled
fruit anthocyanin intensity in NY. No QTL for this
trait were detected in FR. fai12.1 explained 86 % of
the variability in fruit anthocyanin levels. fai11.1
accounted for 69 % of the variability and was a novel
QTL for this trait. Unexpectedly, wild parent alleles at
both loci increased pigmentation in the fruit. The
presence of anthocyanin in fruit was associated with
two adjacent QTL on chromosome 10, fap10.1 and
fap10.2. While both are major QTL, explaining 87 and
100 %, respectively, of the variability in the trait,
these QTL were detected in FR but not NY. Cultivated
and wild parent alleles had opposite effects at these
two loci.
No significant QTL were detected for the anthocy-
anin under the calyx (auc) trait.
QTL hotspots
Quantitative trait loci hotspots, defined for the purposes
of this study as clusters containing more than three
adjacent or overlapping QTL within a 20 cM window,
were found on three linkage groups (Online Resource
3). These hotspots largely consisted of QTL for highly
correlated traits. On the short arm of chromosome 3, a
cluster of five QTL within a 16.7 cM interval (between
map positions 23.3 and 40 cM) impacted leaf (lh), stem
(sh), and apex (ah) hairiness as well as leaf (lp) and stem
(sp) prickliness. Strong positive correlations existed
among the three hairiness traits (r = 0.71–0.85). Sim-
ilarly, the two prickle traits had a correlation coefficient
of 0.78. Correlations between the individual hair and
prickle traits were weaker (r = 0.29 for the association
between stem hairs and leaf and stem prickles). A
hotspot of seven QTL in a 18.2 cM region on the long
arm of chromosome 10 (between map positions 104.9
and 123.1 cM) consisted of loci linked to aspects of
pigment production in stems (sa), prickles (pa), leaves
(lla and lra), and fruit (fap). Once again, correlation
analysis revealed all of these traits to be significantly
related to one another. The largest QTL hotspot, eight
loci within a 7.5 cM region on the long arm of
chromosome 6 (between map positions 98.8 and
106.3 cM), affected all five of the prickliness traits
(leaf (lp), stem (sp), petiole (pp), flower calyx (flcp), and
fruit calyx (ftcp) prickles) as well as leaf lobing (llob).
As mentioned earlier, all of these traits were strongly
associated (r = 0.59–0.92). In addition to the hotspots,
nine smaller clusters consisting of three QTL were
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identified on chromosomes 1 (two overlapping clusters
within the 55–75 and 65–85 cM windows on the genetic
map), 2 (65–85 cM window), 6 (70–90 cM window), 7
(60–80 cM window), 9 (three overlapping clusters:
30–50, 40–60 and 50–70 cM windows), and 11
(105–125 cM window). As with the hotspots, QTL
controlling correlated traits occupied most of these
clusters with the majority of the loci (67 %) influencing
some aspect of organ size (ll, lw, lsh, ovl, fl, and fw).
Discussion
The discussion that follows is not meant to review the
QTL exhaustively but rather to accomplish three
goals. One goal is to examine QTL hotspots, defined as
clusters containing more than three adjacent or
overlapping QTL within a 20 cM window. In some
instances, we have given separate QTL designations to
pairs of loci that affect a single trait and are in close
proximity but do not overlap. Thus, fl2.1 and fl2.2 are
separated by just 2.3 cM. Similarly, sp6.1/sp6.2 and
ftcp6.1/ftcp6.2 are located within 1.7 cM of their
counterparts. In all three cases, one of the pair of QTL
was detected in NY and the other in FR. For this reason
we have named the QTL separately even though we
suspect that more extensive phenotyping in a larger
population or the use of a more accurate method of
estimating the confidence interval would reveal them
to be overlapping and therefore single loci. Colocal-
ization of QTL for correlated traits was common and
may suggest the pleiotropic activity of a single
structural or regulatory gene. This phenomenon has
been previously reported in tomato: fw2.2 and ovate
are quantitative regulatory genes (Frary et al. 2000;
Liu et al. 2002) that are most likely responsible for the
clustering of fruit size and shape QTL on tomato
chromosome 2. Alternatively, clusters of genes influ-
encing related phenomena could arise from gene
duplication followed by subfunctionalization such that
the duplicate copies evolve slightly different but
overlapping functions (for example, tissue-specific
expression) (Lynch and Force 2000). Under such
circumstances, natural selection would maintain the
duplicate loci. Of course, in instances where the traits
are obviously codependent (shape and size parame-
ters), clustering of QTL is expected. As previously
mentioned, this has been reported for fruit shape and
weight QTL on tomato chromosome 2 (Eshed and
Zamir 1995; Grandillo et al. 1999; Lippman and
Tanksley 2001). Similar QTL clusters are observed on
tomato chromosome 4 (Monforte et al. 2001; Yates
et al. 2004). Several strategies have been used to
discriminate whether traits associated with clustered
QTL are controlled by a single pleiotropic gene or two
(or more) tightly-linked genes. Substitution mapping
in near-isogenic lines revealed that fruit color and
soluble solids content are controlled by two separate,
linked QTL on chromosome 1 of the wild tomato
relative S. chmielewskii (Frary et al. 2003b). Similarly,
high-resolution linkage mapping of a S. pennellii
chromosome 9 introgression uncovered two distinct
but closely-linked loci influencing soluble solids
content (Fridman et al. 2002). Association mapping
is another approach and has also proven useful for
resolving relationships between QTL and candidate
genes (Wilson et al. 2004).
The second goal of this discussion is to identify
potential orthologs. In a number of instances, the
eggplant QTL detected in this study seem to have
counterparts in the tomato and/or potato genome in the
form of QTL or morphological markers for analogous
traits (Table 2). Such cases indicate conserved gene
function within the Solanaceae.
The third aim is to emphasize overlap with the
results of other QTL studies in eggplant. Environmen-
tal factors contribute in myriad ways to trait pheno-
types, therefore QTL detection and estimates of QTL
effects (PVE) can be highly dependent upon experi-
mental location. For the traits measured in both NY and
FR, the majority of QTL were location-specific. Even
for QTL identified in both locations, variable PVE
values were obtained. These discrepancies are not
surprising given that the two locations (greenhouse in
NY, field in FR) represent quite different environments
in terms of both biotic and abiotic factors (soil type and
nutrients, light availability, temperature, relative
humidity). These variable results limit the broad
applicability of findings from QTL analyses. However,
because of the profound influence that environmental
conditions and genetic background can have on the
phenotypic expression of quantitative traits, QTL
detected in multiple locations and populations are
more likely to represent major genes.
A hotspot for vegetative organ (apices, stems and
leaves) hairiness QTL (ah3.1, sh3.1, lh3.1) was
detected on chromosome 3. These traits were well-
correlated (P \ 0.01), r = 0.71–0.85. Together these
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results suggest that a single structural or regulatory
gene may be influencing trichome density on vegeta-
tive organs. A putative ortholog, Ln, which produces
very hairy stems when mutated, maps in this vicinity
in tomato (Tanksley et al. 1992). On chromosome 10,
sh10.1 and lh10.1 mapped 25 cM apart suggesting the
Table 2 QTL with putative conservation in the Solanaceae
Trait QTL Putative ortholog Locus type Reference
Locus name Location
(eggplant/
other)a
Leaf length ll11.1 Leaf length QTL E1/T4 QTL Paran et al. (1997)
lflr4.1 E1/T4 QTL Frary et al. (2004)
Leaf shape lsh1.1 lr1b E1/T1 QTL deVicente and
Tanksley (1993)
lsh5.1 lr5 E5/T5 QTL deVicente and
Tanksley (1993)
lfw12.1 E5/T12 QTL Frary et al. (2004)
lfl12.1 E5/T12 QTL Frary et al. (2004)
Leaf lobing llob6.2 Pts E6/T6 QTL Tanksley et al. (1992)
Fruit length fl2.1, fl2.2 ovate E2/T2 Known gene Ku et al. (1999)
Frd2.1 E2/Pe2 QTL Barchi et al. (2009)
Frs2.1 E2/Pe2 QTL Barchi et al. (2009)
fs2.1 E2/Pe2 QTL Zygier et al. (2005)
Fruit shape index fs7.1 fs7.b E7/T7 QTL Grandillo et al. (1999)
Fruit weight fw1.1 fw1.1 E1/T1 QTL Grandillo and
Tanksley (1996)
fw2.1 fw2.2 E2/T2 QTL Frary et al. (2000)
fw2.1 E2/Pe2 QTL Ben Chaim et al.
(2001)
fw9.1 fw9.1 E9/T9 QTL Grandillo et al. (1999)
fw9.2 fw9.2 E9/T9 QTL Grandillo et al. (1999)
Fruit stripe/chlorophyll
netting
fst4.1, fcn4.1 Fs E4/T10 Morphological Tanksley et al. (1992)
u E4/T10 Known gene Tanksley et al. (1992)
Apex hairs ah3.1 Ln E3/T3 Morphological Tanksley et al. (1992)
Stem and leaf hairs sh10.1, lh10.1 TriIV-1 E10/T5 QTL Maliepaard et al.
(1995)
type B
trichome qtl
E10/Po5 QTL Bonierbale et al.
(1994)
Ovary hairs ovh10.1 h E10/T10 Morphological Tanksley et al. (1992)
Stem, leaf, prickle
anthocyanin
sa10.1, sa10.2,
lla10.1, lra10.1,
pa10.1
an2a, an2b E10/T10 Known gene De Jong et al. (2004)
ant1 E10/T10 Known gene De Jong et al. (2004)
chs E10/T5 Known gene De Jong et al. (2004)
3GT E10/T10 Known gene De Jong et al. (2004)
Corolla anthocyanin ca5.1 5GT E5/T12 Known gene Barchi et al. (2012)
Fruit anthocyanin
presence
fap10.1, fap10.2 an2a, an2b E10/T10 Known gene De Jong et al. (2004)
ant1 E10/T10 Known gene De Jong et al. (2004)
chs E10/T5 Known gene De Jong et al. (2004)
3GT E10/T10 Known gene De Jong et al. (2004)
a Chromosome location in eggplant (E) and other solanaceous species [tomato (T), potato (Po) or pepper (Pe)]
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existence of two hairiness genes in fairly close
proximity on this chromosome. Trichome QTL in
tomato (TriIV-1, type IV trichome production; Ma-
liepaard et al. 1995) and potato (type B trichome
density; Bonierbale et al. 1994) are possible orthologs
of sh10.1 and lh10.1. Additional QTL influencing leaf
and apex hairiness mapped in independent locations
on chromosomes 2 (ah2.1), 3 (ah3.2, ah3.3), 7 (ah7.1),
and 9 (lh9.1) indicating that additional unrelated loci
of slightly lesser effect are controlling these traits. Of
these, lh9.1 may be orthologous to TriIV-2, a QTL
controlling type IV trichome density in tomato (Ma-
liepaard et al. 1995). Ovary hairs were controlled by an
independent locus on chromosome 10, ovh10.1, which
is syntenic with the tomato h (hairs absent) mutation
(Tanksley et al. 1992).
The prickliness of leaves and stems showed a strong
positive correlation (r = 0.71–0.88) and these prickle
traits (lp3.1 and sp3.1) mapped together on chromo-
some 3, indicating that a single gene may control the
prickliness of both vegetative organs at this location.
The previously mentioned QTL ah3.1, sh3.1, and lh3
are located in this same region of chromosome 3.
While sh was rather weakly correlated with lp and sp
(r = 0.29), neither ah nor lh was significantly corre-
lated with either prickle trait. This lack of strong
correlation between prickliness and hairiness, com-
bined with the fact that prickle and hair QTL did not
overlap anywhere else in the genome, suggests that
these two traits are under separate genetic control.
The hotspot of prickliness QTL (sp6.2, lp6.2, pp6.1,
flcp6.1, ftcp6.1, ftcp6.2) on chromosome 6 is consistent
with the high correlation coefficients among these traits
(r = 0.70–0.92) and suggests that a major structural or
regulatory gene (accounting for 65–87 % of phenotypic
variance) for prickliness resides in this location. That a
locus controlling[75 % of the phenotypic variation in
leaf lobing (llob6.2) maps in this same region is
interesting. Deeply lobed leaves and prickly plant
organs are highly correlated (r = 0.59–0.83) traits
inherited from the wild S. linnaeanum parent. Close
linkage between two (or more) genes for prickliness
and leaf lobing would mean that deliberate selection
against spines during eggplant domestication would
have been accompanied by changes in leaf shape. Two
tomato mutations map in the vicinity of llob6.2: Pts,
Petroselinum and c, potato leaf (Liharska et al. 1997;
Tanksley et al. 1992). Both mutations alter leaf
complexity: Pts produces highly serrate, thrice-divided
leaves while c has the opposite effect, reducing both
leaflet number and lobing (Hareven et al. 1996). Map-
based cloning of Pts showed it to encode a novel
KNOX1 transcription factor lacking a homeodomain
(Kimura et al. 2008). Two wild tomato species with
thrice-compound leaves (S. cheesmanii and S. galapa-
gense) were found to overexpress Pts (Kimura et al.
2008). Thus a strong connection exists between this
particular gene and the natural variation observed in
wild Solanum species. Characterization of C has shown
it to be a member of a family of R2R3 MYB
transcription factors that control shoot branching.
Because fully functional copies of C have been found
in S. melongena, the gene has been ruled out as the gene
responsible for the differences in leaf dissection
between cultivated and wild eggplant (Busch et al.
2011). These authors suggest that the phenotype of the
sf (solanifolia) mutant of tomato makes the Sf gene a
more likely candidate for determining the degree of leaf
indentation in eggplant. However, our study identified
no QTL for leaf lobing on chromosome 3, the location
of Sf (Tanksley et al. 1992).
Seven QTL for five highly correlated pigmentation
traits (sa, pa, lla, lra, fap) map within a 16 cM region
of chromosome 10. In this same vicinity, Barchi et al.
(2012) found a cluster of QTL controlling anthocyanin
levels in six plant parts (stem, leaf lamina, leaf veins,
corolla, calyx, peduncle) in their intraspecific S.
melongena mapping population. Not surprisingly,
several structural and regulatory genes involved in
anthocyanin synthesis map to orthologous regions of
the tomato genome. These include CHS (encoding
chalcone synthase), 3GT (encoding 3-O-glucosyl-
transferase), and the transcription factors an2a,
an2b, and ant1 (De Jong et al. 2004). Any of these
genes are good candidates for those regulating
pigment production in eggplant. In tomato, elevated
fruit anthocyanins resulted when either the native gene
or the ant1 allele from the purple-fruited wild tomato
S. chilense was overexpressed in S. lycopersicum
(Mathews et al. 2003; Schreiber et al. 2012). As a
master switch that upregulates nearby genes involved
in anthocyanin biosynthesis (CHS) and modification
(3GT) (Mathews et al. 2003), ANT1 could be an
especially valuable target for improving eggplant peel
color. While another major cluster of anthocyanin
QTL was localized on chromosome 5 in the Barchi
et al. (2012) intraspecific population, corolla antho-
cyanin (ca5.1) is the only trait that maps in this region
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in the current study. A single candidate gene resides in
this region of the tomato genome, 5GT (encoding 5-O-
glucosyltransferase) (Barchi et al. 2012). Of the other
pigment QTL detected in the two studies, the only
other overlap was seen on chromosome 11, between
loci for abaxial leaf lamina anthocyanin (ab-
lanE11.ML; Barchi et al. 2012) and fruit anthocyanin
intensity (fai11.1).
Fruit stripe (fst) and fruit chlorophyll netting (fcn)
are related traits in that both measure pigmentation
patterns in the fruit. Not surprisingly, a single region
on chromosome 4 explains 69 % (fst4.1) and 78 %
(fcn4.1) of the variance in each trait. These effects are
likely due to the action of the eggplant Gv (green
variegation) gene that controls chlorophyll reticula-
tion (Daunay et al. 2004). However, interestingly,
independent loci of lesser effect (fst10.1 and fcn3.1)
were also identified for each character, suggesting that
these traits may not be strictly monogenic. Both fst and
fcn were inherited independently of the other color
traits, a result that agrees with Daunay et al.’s (2004)
finding that chlorophyll distribution and anthocyanin
presence in eggplant fruit are controlled separately.
Potential tomato orthologs of fst4.1 and fcn4.1 are Fs
(fruit stripe) and u (uniform ripening), two linked
genes that affect striping (Clayberg 1962) and shoul-
der color (MacArthur 1934) in unripe fruit. u has been
recently characterized (Powell et al. 2012). It encodes
a Golden 2-like transcription factor that regulates
chlorophyll development during fruit formation. Thus,
by selecting for unripe fruit that are a uniform light
green (a product of the u mutation), tomato breeders
have selected for reduced chlorophyll content, a trait
that has negatively impacted sugar levels in ripe fruit
(Powell et al. 2012). If fst4.1 is indeed an ortholog of u,
it would be a useful target for altering sugar content in
eggplant breeding programs.
As expected, loci influencing codependent size and
shape parameters of particular organs often localized
to the same region of the genome; examples of this are:
lw1.1 and lsh1.1; fl1.1 and fw1.1; fl2.1, fl2.2 and fw2.1;
fl9.1 and fw9.1. Based on syntenic map positions,
several of the QTL affecting leaf size and shape appear
to be conserved with loci in tomato. Thus, two
potential orthologs of ll11.1 are positioned on chro-
mosome 4 of tomato: a leaf length QTL identified by
Paran et al. (1997) and lflr4.1 (leaflet width to length
ratio) (Frary et al. 2004). The leaf shape QTL lsh1.1
and lsh5.1 also have counterparts in the tomato
genome. Tomato lr1b and lr5 (deVicente and Tanks-
ley 1993), two QTL associated with leaflet width/
length ratio, map near eggplant lsh1.1 and lsh5.1,
respectively. The leaflet width QTL (lfw12.1) on
tomato chromosome 12 (Frary et al. 2004) is another
possible ortholog of lsh5.1. The fruit length loci on
chromosome 2 (fl2.1 and fl2.2) map in the same
genomic region as tomato ovate (Ku et al. 1999) and
several QTL in pepper. These include loci controlling
pepper fruit diameter (Frd2.1) and shape (Frs2.1,
fs2.1) (Barchi et al. 2009; Zygier et al. 2005). The sole
fruit shape QTL identified in this study (fs7.1) also has
a counterpart in tomato, fs7.b (Grandillo et al. 1999).
Fruit weight is perhaps the most widely studied
quantitative trait in tomato and possible orthologs
exist for all four of the loci detected here. The map
positions of fw1.1, fw9.1, and fw9.2 are syntenic with
synonymously named QTL in tomato (Grandillo and
Tanksley 1996; Grandillo et al. 1999) while the
location of eggplant fw2.1 corresponds to that of
tomato fw2.2 (Frary et al. 2000), a gene that controls
carpel cell number. Pepper fw2.1 also maps in this
same region (Ben Chaim et al. 2001). These results
suggest conservation of gene(s) affecting fruit size and
shape on the long arm of chromosome 2 in eggplant,
tomato, and pepper. One likely candidate is ovate
which acts as a negative regulator of growth during
early fruit development in tomato (Liu et al. 2002).
In a previous analysis of this interspecific eggplant
population, simple linear regression analysis found
123 significant (P B 0.01) QTL for the 40 morpho-
logical traits (Doganlar et al. 2002b; Frary et al.
2003a). Over half of those loci (54 %) were not
detected in this follow-up study using CIM, with more
stringent individual trait LOD thresholds (P B 0.01)
(determined empirically from 1,000 permutations of
the data) to reduce the incidence of false positives.
Whereas the QTL identified in the previous studies
explained, on average, around 33 % of the phenotypic
variance in the traits, the average in this study is 55 %.
Because each of the QTL identified in this study
account for [10 % of PVE, all of the loci qualify as
‘‘major’’ genes, according to the definition suggested
by Collard et al. (2005). However, it should be noted
that the relatively small size of the mapping popula-
tion (58 F2 individuals) has several consequences. In
such populations, minor QTL are more difficult to
detect and major QTL effects are generally overesti-
mated (Vales et al. 2005). Thus the change in the
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magnitude of QTL effect may, in part, be explained by
the elimination of false positives and minor QTLs.
Another factor to consider is the differing densities of
the maps used in the analyses (207 markers in the
previous map, 736 in the current map). With improved
genome coverage we are more likely to detect a
greater number of linked markers associated with each
trait; therefore the estimated of phenotypic effects
should be more accurate than those obtained previ-
ously for this population.
In addition, improvements in the resolution of the
eggplant linkage map have yielded QTL approxi-
mately 1/10th the length of the corresponding loci in
the previous studies. Thus, the current analysis has
tended to identify fewer loci of greater effect that
occupy more precise positions. Our re-examination of
the trait data has yielded 22 novel QTL not found in
the previous studies. The PVE of the newly identified
QTL averaged 53 %, suggesting that CIM on the high-
density genetic map revealed loci that were com-
pletely missed by simple linear regression with the low
density linkage map. Counterparts in the tomato
genome have been proposed for over one-third
(35 %) of the 71 QTL reported here (Table 2).
Conserved gene function in 50 % of the traits (for
which significant QTL were identified) is thus
expected to exist between tomato and eggplant.
In conclusion, the re-analysis of the morphological
and domestication trait data for the S. linnaea-
num 9 S. melongena F2 population yielded valuable
results. Using the genotypic data from a much larger
number of eggplant-specific markers allowed the
detection of hitherto unrevealed associations with
phenotypic traits. Estimates of QTL effects were
improved and individual QTL could be placed with
greater accuracy on the high-density map. An impor-
tant next step would be to confirm the positions and
phenotypic effects of these QTL in a much larger
mapping population. With this information, particular
loci could be targeted for map-based cloning and
marker-assisted selection studies. In addition these
results provide a starting point for identifying putative
orthologs between eggplant and tomato based on
synteny. Intraspecific populations of eggplant have
also been useful for developing high-density linkage
maps that explore the synteny between the tomato and
eggplant genomes (Barchi et al. 2012; Fukuoka et al.
2012) and provide for the possibility of additional
quantitative trait analyses. Such analyses, combined
with the recently released tomato genome sequence
(Tomato Genome Consortium 2012), should facilitate
further examination of conserved gene function in the
Solanaceae, an economically important family of
plants.
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